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This report c~oitaIns a summary of firingsA
conducted with the ARI5 usiri several muzzle
brake deflectors and other means to reduce auto-
matic fire dispe.. ioio.
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SUMMARY OF STUDIES CONDUCTED WITH THE AR15 (U)

(C) During th.,e past years several small arm studies were conducted

investigating the effects of rifle design parameters on dispersion when firing

three-round bursts automatically. These studies were conducted in support

of the Special Purpose Individual Weapon (SPIW) feasibility program.

(C) The purpose of conducting these studies was not only to establish

relationships between three-round dispersion and rifle design parameters,

but also to determine what combination of rifle design parameters would

meet the requirements for the SPIW program specified by Ballisti:. Research

Laboratories (BRL). In general, these. requirements for a burst of three

rounds can be stated as follows:

a. The three rounds should be circularly, normally

distributed with a 2- to 3-mil (r0) linear standard deviation about the aim

point.

b. Or, if serially fired, the average extreme sp ad of
the three rounds shall be 4 to 5 if.

(C) Using different test rifles, one of which was the Aircraft Armaments
flechetre rifle with a muzzle brake deflector, the effects on dispersion of
impulse, stock ccnfiguration, cyclic rate, and a muzzle-brake deflector
were determined. These results ore presentcd in Figure 1 for one stock
configuration. It will be noted that the requirements for the SPIW could be
met by reducing impulse sufficiently or nearly met through the use of a
mu7,zle-brake defiector. It was noted at the time that the Aircraft Armaments
weapon without a muzzle brake produced an impulse of. 65 lb-sec; with a
muzzle brake, the impulse was reduced to 39 lb-sec. However, by reducing
the braking action to. 45 lb-secs and by deflecting some of the gases upward,
less dispersion resulted. It appeared as though a serially fired SPIW system
would require a muzzleo*brake deflector in order to meet the optimum require-
ments etablished by BRL. Although Figure 1 deals with impulse values of
less than 1. 0 lb-sec, in order not to overlook the possibility of increasing
the effectiveness of a current conventional system, it seemed appropriate
toexamine conventional weapons of higher impulse, with the thought of reducing
their impulse to something less than 1.0 lb-sec, and also incorporating a
deflection component into the muzzle brake.
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i(C) A cur-sory took at Vile ý_urcert rifles 3oon ehmirzatfed the M114,
Carbhie, and other high-momcnturc, systems for the follovvint, reasons:

)j

a. Theii irnpullse was high -- 2. 65 lb-sec for the IM14,
and 1. IS ib-sec for the Carbine.

b. Their prrcecý_tile weight to propellent weight ratios-A
were 3 to 1.

(C) Thus the most that could be hoped for in the way of a reduction for
the M1 4 for a 900 gas reversal was the order of 2. 0 Tb- secs; even a 1800
reverrai of gases, which would be uaiacceptable from the shooter's stand-
point, wuold etill produce an impulse of approximately 1. 4 to 1. 6 lb-sec.

(C) The ARI5 was the weapon chosen, for the following reasons:

a. It is a low momeritum weapon (1. 16 lb-sec), with a
projectile to propellent-weight ratio of 2 to 1.

D. Further, its lethality was comparable to the M14.

(C) Two muzzle brakes for a .30 caliber weapon were available. One
was a muffler-type of unsymmetrical design which needed little testing

before it was shown unsatisfactory. The second, shown in Figure 2, wras
modified to reduce the caliber from .30 to .22. It proved uncomfortable to

The H-umnan Engineering Laboratorie8 then designed and developed two brakes,
the first of which is shown in Figure 3. This was the baffle -typee, non-
symmetrical to allow an upward and to-the-right gas deflection, in order Vo
provide a down and to-the-left force component. This brake dild not allow one
to vary the detlection component of the gas diversion. Later, two holes were
drilled out of Zhe base and four plugs made. Two plugs were s(Aid and the
other two hollow. In this way the amount of deflection could hie regulated by
removing t~he plug eithier entirely or In. parr. Finally, 3 variable muzzle
brake, was designed and developed (Fig, 4). 11his design pernitted one to
vary both the amount of braking and deflecting. The ports were 900 to the
bore axis, since it was felt that divs3rting the gases beyoad 900 would cause 1.4
dis,'Onmfort 'to Ole shooter. Measurernetits of the. muzzle-brake characteristics S
indicated that with all ports open - thus no deflection - - it reduced the
impulse from 1. 1.6 llb-sec to .77 lb-sec. Theoretically, with a 900 diversion
of all the gases, . 79 lb-sec is the limit. It was found that the design diverted
the gases beyond 900 to somewhere in the order of 1050, thus accounting for
the additin-nal efficiency. The variable muzzle brake produced the smallest
dispersions ijlPh the least discomfort.
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(C) It was found by BRL that the di~persjon 'cidb hs unrn~~~~ ~~ acivd ytee unr
IN ~fromr t~he standing position fvur the sampe muzzle-brake deflector setting, with

a long time-tcy-fire per Erigger pull and w',ith an L1-shaped stock attachment
(h=o), were comparable to the anticiw±ted SPIW System.

(C) Since the re-sults looked promising, another firing position, the
kneeling- supported, wvas tried using the standinig offhand muzzle brake setting.
Th9e dispersions were allmost doubied and baarst-to-bu'rst variability increased
considerably- Fror e~xamaple, the same subject mright score as low as 12 rA
on one trigger pull and as highi as 20 e onte nx.Since the dispersions
were rimt near the 8 );6 ex--reme- spread ciinthe approximate point below
which nnarkpd increases -in effectiveness no data were recorded.

Ml ~(C) in reviewing the stanading offhand da;-a. it, was noted that the mean
radial distance betwe-en the flirst and second round was small - - approxim-ately
5 rA - - and pro~biby contributed heavily to the increase In effectiveness.

(C) As a result, Miot Study Two was conducted to find, through tria"
and error, a 'best fit", setting in the standing offhand position. Thie setting
giving the least dispersion for a two-round burst was obtained. With inus
same seeting, four experts fired from the standing- and kneelini -supported
positions. The mnean. extreme spread in the standing position was 3 iA. In
the kneeling position, the extreme spread was 14. 8 i.*Results are tabulated
in Appendix.

-expected, dispersion and variability increased, nearly double the kneeling

1 OR"firings, thus this data w, :e not collected,

(q. Since the combination of muzzle brake deflector and L-shaped stock
positioner would not give a sizeable increase in effectiveness for all firing
positions, according to I3RL, and since there was considerable variability 0
between "be.~t Et'" muzzle brake deflector settings between individuals, even
for the standinag position, effort was directed toward trying to improve the 1
three-round daspersion for all positions through design innovations,

*()The coiordinates for each bullet for each trigger Vull are available,
if desired.
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w/pistol 0'i , strraigit
-1/0 muzzle hbake i.8

W~~/o Pistol Grip'. si' light 8=1C.-

W/o muzzle brnie Aug 23 '59. 83j42

w -o Pistol GT-i~ r.tso
wv/o mnuzzle brake k 17 5.1 .

Ristoi Grj'-ip straigbt stock,
w/muzzltý brake A-iig2 1 24.833-

Pfstrp Gr~it), straight stock; ý
W1 m-.uzzle-r biralk-a A-.ug 24 4.5113

ivjo Pistol curip. =ta!gh stock,
w/muzzle bralke Aug 17 23. 31 AI.

w/o Pistol Giip, straight Stock,

W/m bzetra.ke Auga23 274ý 28 10. -7 B
w/o Pistol Grip., -w/o muzzle brake,

-wstrnaipht stock A,.i g 273 41. 21 5.21

PEWo Pistol Grip, .r/m'uzzle brake., w/wvt Ag4 ~ .6~I

w/Pivt oi Grip, straight stock,
w/muzzle brake, w/Pad Aug 21 29. 76 DO 5

wi/o Pistol1 Grip, s= aight stock,
w/muzzie brake, w/Pad Aug,21 29,8 10.5Ž 3
w/o Pistol d-rip, st-raight stock,

w/muzzle brake, w/Pad and Spring Aug 17 29. 26 1-(-04

w/o PlIstol, Grip, straight stock,
w/muzzle brake, Armor Aug 21 26.43 8 7

w/ito r~p, ncstock, w/muzzle brake Aug 2-4 19. 46 '5.0100
COIC FIDE NTIAL
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experimenriers tri~ed to att.:iin the bes fit"zebae l~o
JariabiUm, hetwveen s'eer Jresed. _

bA. 3oft pad -was adde-i to !ae bu-.t plate In a-,s armnqn. ii3~
deLay -v ze. foc e~ - t a c% r i -e o f &I!eLh-r e e r, Žunt, C 8fel t 1YvLh-a 7-: i

c. _A soit w'd W, Corlnation. with zthe 6-osido tioe.- wpa

d.A prmg eas i.seted U e hel but ;itz and te rear
Of bolt? houslag. as v-hwn 'ip~rtt gr5i in a 'te te-rg '-a--i-

and atonk, positionies Otc:; agaii, the a5--t3-_a; a: -,ra_!ioq .-id de~ef ct:]n

e. . he stoack was rnav.ved, ar 1 a ;onie- shaped. ~i&ru at0
vvpas attache~-d tý- the _real [4 -he W 'h1u,3Zlr g M th~s Nv-q- way.. -IS di~~ th~nt
all fornes wuld t-3 Jr. 1ine, and no --rock reult,

u'} AI111 n- Ih a vje wer tried wvIt'l experk shooters la a!! ' casý. TMhe
ra2su,1Lrs 'were r -;7 same z

a. L.arge vaeri_-bflitv be-twteen Shooters for the same setting, L
_U 'atng zhat each mianir.nilght have to ria!kep his own muzzle-brake deflector

1). Sithler a conmm-on setting or each man's own sg-ting would 4-
inm-vaco effectivenio-Ss far the Standing posdition Only.j

c.In general, thez-, did not appear to be any means- of
nn ifving týhc AR-15 bhv sdigamuzzle brake of reasonable efficiency toR,4

c~e~s~evnes -r nai' shlooters ;in ali f1iring positions. Variables
auch as ttmzre ED -fl.c ve~re :iY. axamIre&d But pievious studies suggest that,
"even'-f. the ptrdna pmiuon.. dispzersion would increase as aiming error

S4C iX. errori, of about 3. 3 iA, or whntmet fir decreased.

71?ý Th ARIS. was tesýted In rther to increase the fund of information about

!bhe aPffct,-sz cf various r l-dees~gn parameters on accuracy.

md ,(rjitors of tec-t and the average extreme spreads for three
shoic-rers af'e 2`51 i Table 11. (If coordinates for each trigger pull are
desz-Ted they are available.I
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(U) The tcsts descrtb'.x in this report ;vc! conducted by the l-uman 1
Engineering Laboritories indc,_p•ndeintly of any ,ther ,esting of che AR!5.
"The impetus for conducting these studwes was based cn the data derived
from .the Human Engineering La.-oratories supporting research conducted

ov: the SPIW program.
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Accuracy of Automatic Two~- Round Burst Firing
For TWo Firing Positions

KNEELING- SUPPORTED

Mean Mea n Me-an
Horlzonta Horizontal Vertical Vei d calI E x nee

Subject Shift Standard Deviation Shift Standard Deviation Spead*

A2.6" .0 1.1.81" 3.5"' 12.3",

B 1.5" 3.3" 12. 9" 2.5" 13. 1"

C 0.8", 3.0v 13.91, 2.8"1 !4.0Ol

D 4.3" 5. 6" 12. 3" 2. 3" 13z 9",

All i 3. 3"
(14. 8 nilIs) .,

OFFHAND

Mean Mea n Mean
Horizontal Horizontal Vertical Vertical Extremer

Subject Shift Standard Deviation Shift Standard Deviation Sprad*

A 0. 4" 2.2" -0.3" .9 2.4"l

B 10"2. 3" 2. 7"11 3. 4"

C- 0.2-1 1,"-."t."17

D -0.2" 0.9" -. 6 2.2"1 3.6"

All 2.7"3
(3. 0 mils)

*Extreme spread is the distance between the; to most widely disperses. shots

of the three in a burst. 1
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